Overproduction of free radicals in organisms and lipid peroxidation in cell membranes have been implicated in various pathophysiological disorders, including cardiovascular diseases, atherogenesis, mutagenesis, diabetes, etc. Furthermore, the oxidation of lipids in food, cosmetic and pharmaceutical products, together with the growth of undesirable microorganisms result in off-flavour, spoilage and deterioration, rendering such products unfit for human consumption. Increasing environmental pressure for industry to use "clean technology" and to utilize sustainable sources of materials for the manufacturing process, have concentrated recent investigations towards natural sources of antioxidants and antimicrobials. Although plant phenolics have been recognized as the most powerful natural antioxidants, recent studies suggest that terpenoids in essential oil could also contribute to the overall antioxidant capacity of many spice plants. This review summarizes the scientific evidence regarding the antioxidative and antimicrobial efficiency of essential oils of aromatic plants belonging to the Lamiaceae family, and consequently their possible utilization as safe and healthy food supplements.
The problem of food preservation has grown more complex, requiring longer shelf life and greater guarantees of protection from microbial spoilage, rancidity and oxidative deterioration. It has been estimated that each year as many as 30% of people in industrialized countries suffer from food-borne diseases. Thus, in the year 2000 at least two million people died from diarrhoeal disease worldwide [1] .
During production, processing, distribution and storage, food, cosmetic and pharmaceutical products undergo deterioration from chemical and microbial processes. Growth of undesirable microorganisms (bacteria and fungi) in foods leads to products unfit for human consumption and contributes to worldwide food shortages, with all their morally and economically undesirable consequences [2, 3] . Furthermore, some toxigenic fungi such as Aspergillus flavus and A. parasiticus are able to produce aflatoxins in food and foodstuffs. Aflatoxins are known to be potent hepatocarcinogens in animals and humans [2] . Aspergilus ochraceus is able to produce ochratoxin A, which is a mutagen and animal carcinogen, and has been linked to nephropathies in humans [4] . Therefore, the presence of toxigenic fungi and mycotoxins in foods and grain stored for long periods presents a potential hazard to human health.
After microbial spoilage, oxidation is the second most important cause of food spoilage. Various initiation mechanisms responsible for lipid oxidation in foods such as the catalytic effect of free and bound iron, enzymatic processes, and changes in ground state molecular oxygen are confirmed [5, 6] . In addition, consumption of such food may induce significant disorders in human health and lead to accelerated aging, cardiovascular diseases, emphysema, and carcinogenesis [7] .
Oxidative deterioration of meat and meat products results from oxidative degradation of fats in raw and processed meats, a result of the cooking, slicing, or freezing processes. Gamma-irradiation, although accepted for food pasteurization, can affect the flavour and odor of meat due to lipid oxidation and subsequent generation of alkane and alkene hydrocarbons. In both cases, the mechanism of rancidity involves the peroxidation of unsaturated lipids, often the phospholipids [8] . Oxidation of fatty acids (especially unsaturated) is the primary factor, limiting the storage life of fats, oils and fatty foods [9, 10] .
The extent of oxidative deterioration can be reduced by various means, such as curing, to preserve the meat tissue, vacuum packaging to remove the oxygen source or adding antioxidants to scavenge the oxidants. Normally, several chemicals can be used as antimicrobial and antioxidant agents, such as sulphur dioxide, acetic acid, tert-butyl hydroxytoluene (BHT), tert-butyl-4-hydroxyanisole (BHA) and propyl galate (PG). However, the use of some of these chemicals is restricted in several countries because they could be dangerous for human health [11] [12] [13] . Furthermore, the World Health Organization has recently called for a worldwide reduction in the consumption of salt in order to reduce the incidence of cardiovascular disease [14] . In addition, the increasing environmental pressure for industry to use "clean technology" and to utilize sustainable sources of materials for the manufacturing process, together with the aim of using new technologies to make food safer, which have a natural or "green" image, means that recent research has concentrated on natural sources of antioxidants and antimicrobials.
Spices have been highly valued since prehistoric times, not only because of their flavour, but also for their food-preserving power. A number of studies suggest that the efficiency of herbs and spices in food preservation is due to their antioxidant and antimicrobial activities [13] . Further studies have shown that flavour-imparting essential oils are highly responsible for the food preserving property but also for the healthy benefits of many well known aromatic and spice plants. In general, biologically active natural compounds are also of interest to the pharmaceutical industry for the control of human diseases of microbial origin and for the prevention of lipid peroxidative damage, which has been implicated in several pathological disorders [15] [16] [17] .
The greatest use of essential oils in the European Union is in the food industry as flavouring additives, in cosmetics as fragrances, and in pharmaceuticals for their therapeutics properties [18] [19] [20] . Individual components of essential oils, either natural or artificial, are also used [21] . The well known use of essential oils in aromatherapy comprises slightly more than 2% of the total oil market [20] .
Essential oils are proven to have various pharmacological effects such as: spasmolytic, carminative, antiinflammatory, hepatoprotective, antiviral, antimicrobial, anticancerogenic etc. In fact, their effectiveness against a wide range of microorganisms has been repeatedly demonstrated [21] [22] [23] [24] [25] [26] [27] . Recently, many essential oils have been qualified as natural antioxidants [23, [25] [26] [27] [28] [29] , and proposed as potential substitutes for synthetic antioxidants in specific sectors of food preservation. Today, aromatic plants belonging to the Lamiaceae family appear to be extremely important from a commercial point of view and are considered one of the most important sources of compounds with antioxidant activity [30, 31] . Although Lamiaceae plants have been extensively studied as oxidation inhibitors, emphasis was given mainly to their solvent extracts, but not to volatile constituents. Two spice plants classified in this family were first recognized as the most powerful natural antioxidants: sage (Salvia officinalis L.) and rosemary (Rosmarinus officinalis L.) [32] [33] [34] [35] . In rosemary extract, several phenolic diterpenes and other phenolic acids were identified as major antioxidants ( Figure 1 ): rosmanol, rosmaridiphenol, carnosol, rosmarinic and carnosoic acid [15, 36] . Today, extracts of rosemary have been patented and they are marketed in an oil-soluble form, in dry powder and also in water-dispersible or water-miscible formulations [37] .
Moreover, a number of compounds found in rosemary have been found in the, botanically, closely related sage and summer savory (Satureja hortensis L.). In many other Lamiaceae species too, flavonoids, alone or together with other phenolic compounds, have been found to contribute to the overall antioxidant ability. Thus, various phenolic compounds in oregano (Origanum vulgare L.) have been isolated, and among the active constituents, four phenolic substances were identified ( Figure 2 ) [38] . From thyme (Thymus vulgaris, L.) dimmers of thymol and some flavonoids were identified as major antioxidant compounds [39] . Although phenolic compounds are recognized as responsible for antioxidant ability, recent studies showed that volatile compounds could also, individually or in mixtures (essential oil), contribute to the whole antioxidant ability. Oregano, characteristic ingredient of Mediterranean cookery, has increasingly gained the interest of many research groups as a source of novel natural antioxidants. Recent studies showed that its volatile oil and especially the main constituent carvacrol, are no less valuable antioxidants than the above-mentioned phenolic compounds [27, [40] [41] [42] . The essential oil of different Thymus L. species, chemically very close to oregano and basil (Ocimum basilicum L.) possess similar antioxidant activity evaluated by various chemical and physicochemical assays and in different biological model systems [23, 27, 43, 44] . Thymol and carvacrol were more reactive towards trichloromethylperoxyl radicals than flavonoids:
quercetin, fisetin, morin etc., suggesting that they are stronger chain-breaking antioxidants [45] .
In the scope of our extensive study of alternative antioxidants from natural sources, we have also investigated the most important aromatic plants of the Lamiaceae family collected from the Balkan area. In Tables 1 and 2 . the antioxidant activitiy of essential oils isolated from species of Mentha [25] , Melissa [26] Thymus, Origanum, Ocimum, Rosmarinus [27] , Salvia and Satureja [unpublished] genera is showed.
In the Tables, the results of two common tests for antiradical activity (DPPH-test) and antioxidant activity (TBARS) are presented. A close relationship between antioxidant efficiency and the chemical composition of the essential oil is proved by several studies. As expected, the phenolic hydroxyl groups, such as in thymol, carvacrol and methyl chavicol (Figure 3 ) is structural feature mostly responsible for the antioxidant activity of the essential oil [27] .
The most comprehensive study of antioxidant efficacy and possible mechanism of action for more than 100 pure volatile components of essential oils was carried out by Ruberto and Baratta [29] . They reported that, besides phenolic compounds (carvacrol, thymol, eugenol and methyl chavicol), some monoterpene hydrocarbons such as terpinolene, αand γ-terpinene also showed a very strong activity, comparable to α-tocopherol. Additionally, several monoterpene ketones (carvone, menthone and isomenthone) and aldehydes (citronellal, neral and geranial) ( Figure 4) were the most potent free radical scavengers in different mint and lemon balm essential oils [25, 26] . Furthermore, there is evidence of high antioxidant and scavenging activity of tertiary allylic monoterpene alcohol linalool and its ester linalyl acetate ( Figure 5 ), which are present in many Lamiaceae plants [25, 26, 30] . Both compounds have an ethylidine group, which can react with free radicals to form stable allylic tertiary free radicals that interrupt oxidation chain reactions. However, in some other biological systems linalool showed pro-oxidant activity. This was attributed to the oxidation of the hydroxyl group at the carbon 3, and consequent loss of scavenging activity. Such assumption is supported by the fact that linalylacetate without free C-3 hydroxyl group retained antioxidant activity in the same system [29, 45] .
However, in the studies when the oxidative process and its control are evaluated, many parameters must be carefully taken into consideration, especially the methods which will be applied, since numerous in vitro assays are available. Each of these tests is based on one feature of the antioxidant activity, such as the ability to scavenge free radicals, to reduce lipid peroxidation (LP), to chelate transition-metal ions etc. Single methods are not recommended for the evaluation of the antioxidant activities of plant products, due to their complex composition [33, 46] . Therefore, the antioxidant effects of plant products have to be evaluated combining several different in vitro assays to get relevant and comparable data.
Antimicrobial activity is another widely examined feature of essential oils that, together with the antioxidant effectiveness, is very important for both food preservation and the control of human and animal diseases of microbial origin. This aspect assumes a particular relevance, since increased resistance of some very dangerous bacterial strains to the most common antibiotics has recently been observed [47, 48] .
Numerous reports suggest the antibacterial and antifungal activities of a wide range of essential oils and their compounds. One of the most comprehensive investigations is done by Morris et al. [49] , who examined 521 essential oils and isolated compounds and found that 44% inhibit the growth of at least one of the tested micro-organisms (Candida albiacans, Escherichia coli, Staphylococcus aureus, etc). As the most potent substances, monoterpene alcohols menthol, nerol and camphor were identified. In this examination, aromatic plants belonging to the Lamiaceae family were found to contain essential oils with highest antimicrobial efficiency. Further examinations pointed to the especially high inhibitory activity of Salvia and Sideritis species [50] . Furthermore, very strong antimicrobial activity was found for the essential oil of Micromeria thymifolia (Scop.) Fritsch, towards the 28 species of bacteria and 20 fungi [51] . Recent investigations pointed to high antibacterial activity of peppermint and two wild growing mint essential oils in particular against the multiresistant strain of Shigella sonei and Micrococcus flavus [25] ( Table 3) . The same oils also exhibited high antifungal activity against some dermatomycetes and Candida albicans Very important data were obtained for the antimicrobial activity of lemon balm, oregano, thyme (Thymus vulgaris L.) and basil, pointing to extremely strong antibacterial activity of these essential oils on a wide range of bacteria, including multiresistant Pseudomonas aeruginosa and Escherichia coli [26, 27, 52] , two bacterial strains which present a concern to public health on a global scale (Table 3 ). In these studies also the strong antifungal effects on Trichophyton species and Candida albicans were observed, stronger than some commercial azole [53, 54] .
Terpenes in essential oils such as citral, eugenol, menthol, cinnamic aldehyde have been found to inhibit the growth of bacteria, fungi [55, 56] and some internal and external parasites [57] . Geraniol was found to inhibit growth of Candida albicacns and some strains of Saccharomyces cerevisiae [58] .
Essential oils in aromatic and spice plants are also deemed GRAS (Generally Recognized As Safe) and are found to inhibit the growth of cancerous cells [59, 60] , decreasing tumor size and reducing the growth of transplanted tumors [61] . Besides, some essential oils are found to decrease cholesterol level, suppressing hepatic HMG-CoA reductase activity [62] . Thus, terpenes in essential oils are recognized as effective non-toxic antitumor agents, which act through a variety of mechanisms of action, and hold promise as a novel class of antitumor drugs for human cancer.
Nevertheless, the increasing use of aromatic plants and essential oils in food, cosmetic and pharmaceutical industries suggests that, in order to find new active compounds, a further systematic study of medicinal plants is very important. Furthermore, the consumption of food produced with natural essential oils or an isolated compound is expected to prevent the risk of many free-radical dependent diseases and microbial infections. Thus, food enriched with aromatic and spice plants fits with the current concept of foods that combine nutritional and medicinal benefits; so-called "Functional Foods" [63] .
In summary, aromatic plants and their essential oils could serve not only as flavoring agents, but also as safe antioxidant and antimicrobial supplements in preventing deterioration of foodstuffs, cosmetic and pharmaceutical products. However, one must take into account that the characteristic flavour and aroma limit the use of essential oils and isolated compounds as natural antioxidant and antimicrobial agents for different foods.
